Coordination of 2,3-diphenyltetrazolium-5-thiolate (tet) to an Ru(trpy)(bpy)(OH2) 2+ (trpy=2,2':6',2"-terpyridine; bpy=2,2'-bipyridine) centre resulted in the formation of [Ru(trpy)(bpy)(tet)](ClO 4 ) 2 . Single-crystal X-ray analysis revealed that the tet ligand is bound through the sulfur atom to a somewhat distorted-octahedral ruthenium centre. The Ru-S bond distance is 2.393(2) Å, and the Ru-S-C bond angle is 115.1(2)°; the tet N-N bonded distances [1.306(10)Å 1.316(9)Å] are essentially equal. These data, as well as spectroscopic and electrochemical evidence, suggest that the tetrazolium ring exhibits delocalized, mesoionic character with some thiolate character on the sulfur atom. Keywords: ruthenium; tetrazolium-5-thiolate; terpyridine; bipyridine; synthesis; structure.
A crystal of dimensions ca. 0.06 × 0.06 × 0.60 mm was mounted on the end of a thin glass fibre. Oscillation and Weissenberg photographs yielded preliminary unit-cell parameters and space group information. An EnrafNonius CAD-4 diffractometer (Cu-Kα radiation, graphite monochromator) was used for all other measurements. Refined unit-cell parameters were derived from the diffractometer setting angles for 25 reflections (36° < < 40°) widely separated in reciprocal space. Intensity data were corrected for the usual Lorentz and polarization effects; an empirical absorption correction [T max :T min .(rel.) = 1.00:0.93], based on the -dependency of the intensities of several reflections with χ ca. 90°, was also applied. Laue symmetry indicated that the crystals belonged to the trigonal system. The systematic absences (00l when l 3n) were consistent with the space group P3 1 and its enantiomorph P3 2 .
The crystal structure was solved by direct methods (MULTAN11/82) [24] assuming at the outset that the space group was P3 1 . Approximate non-hydrogen atom coordinates were derived in part from an E-map and from a series of weighted F o and difference Fourier syntheses phased successively by an increasing number of atoms. One of the perchlorate ions and the water molecule are disordered over two sites, with the alternative location of the latter being masked by a perchlorate ion; moreover, the perchlorate ion at one of these sites is further disordered over two orientations. Non-hydrogen atom positional and temperature factor parameters (first isotropic and then anisotropic), with hydrogen atoms incorporated at their calculated positions in the later cycles, were adjusted by means of several rounds of full-matrix least-squares calculations. An extinction correction was included as a variable during the later iterations. The parameter refinement converged at R = 0.0495 (R w = 0.0637). The chirality of the crystal used for data collection was established at this stage by introducing the imaginary contributions to the anomalous dispersion corrections into the structure-factor calculations. For parameters in space group P3 1 , R was 0.0522 while R w was 0.0692, whereas when those for the enantiomer were used in space group P3 2 , the values were R' = 0.0578 and R w = 0.0782. These differences are significant at the 0.005 level [25] when R' w / R w (0.0782/0.0692 = 1.130) equals to or exceeds 1.0012 and indicated that P3 1 was the correct choice. Continuation of the least-squares parameter refinement led to convergence at R = 0.048 (R w = 0.062). A final difference Fourier synthesis contained no unusal features.
Crystallographic calculations were performed on PDP11/44 and MicroVAX computers by use of the EnrafNonius Structure Determination Package (SDP 3.0) [26] . For all structure-factor calculations, neutral atom scattering factors and their anomalous dispersion corrections were taken from ref. [27] . Further information concerning data collection and refinement are provided in Table 1 . Atomic coordinates, thermal parameters, least-squares planes, and a listing of observed and calculated structure amplitudes have been deposited with the Editor as supplementary material.
RESULTS AND DISCUSSION
The complex [Ru(trpy)(bpy)(tet)](ClO 4 ) 2 was prepared by direct reaction of tet with Ru(trpy)(bpy)Cl + in aqueous ethanol solution. The intensely red-coloured complex exhibits properties consistent with the tet binding as a monodentate ligand through the sulfur atom. An MLCT absorption band at 489 nm ( = 7299 M -1 cm -1 ) is similar to those of Ru(trpy) (bpy)X + (X = anion) complexes [28] . The cyclic voltammogram of Ru(trpy)(bpy)(tet) 2+ in acetonitrile exhibits a pseudoreversible wave at 9.86V vs. SSCE (ΔEp = 89 mV), consistent with Ru III/II potentials for Ru(trpy)(bpy)X + complexes. However, bulk oxidation at a potential just above 9.86 V leads to complete loss of the wave. The foregoing evidence suggests that tet binds through the sulfur atom which possesses significant thiolate character, consistent with the mesoionic character of the free ligand. Thioether or thione ligands [29, 39] exhibit higher energy MLCT bands and higher Ru III/II redox couples.
Single-crystal X-ray analysis of [Ru(trpy)(bpy)(tet)](ClO 4 ) 2 = H 2 O, Fig. 0 [30] , confirms that the six-coordinate ruthenium centre binds to the sulfur atom of the tetrazolium ligand. Important bond distances and angles are listed in Table 2 . Distortions from an octahedral arrangement around the ruthenium centre may be ascribed to constraints imposed by the bite angles of the bpy and trpy ligands, and are probably little influenced by the tet ligand. Distances and angles within the trpy ligands are close to the average values in related species [32] [33] [34] [35] [36] [37] such as Ru(bpy and Ru(trpy) complexes. The RuÐN distances and angles are also in accord with expected values. The short Ru-N (7) Table 3 lists bond distances in a number of tetrazoles. Distances in the coordinated and free tet are consistent with a mesoionic tetrazole structure. Thus, very similar N-N bond lengths are observed for tet [22, 38, 39] and related species [41] . Other tetrazoles [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [41] [42] [43] typically exhibit longer N1-N2/N3-N4 than N 2 -N 3 bond lengths indicative of greater double bond localization in the N2-N3 bond. These observations are consistent with considerable electron delocalization within the tetrazole ring of tet [44] .
Even though considerable anionic character is anticipated for the sulfur atom of tet (and spectral and electrochemical properties are consistent with that character), the C-S bond length at 1.686(8) Å in the coordinated tet is significantly shorter than that usually observed for thiolato C-S species. For example, thiolato ligands in ruthenium complexes have C-S bond lengths ranging from 1.769(3) Å in cct-RuH (SC 6 
